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ABSTRACT
The project encompassed the design and fabrication of a concrete washout bin. The
design parameters were provided by feedback from multiple professors who have used
the current concrete washout area, and would like a newer, more effective washout bin to
use for multiple lab sessions throughout the school year. The concrete washout bin
needed to be large enough to hold excess amounts of waste materials, yet include a low
profile to aid the students in being able to clean multiple mixers and tools. A liner will be
held in place to ensure that water does not leak out, but also to help in the dumping of the
washout, which will take place at the Cal Poly Recycling Center.
The design for the concrete washout bin was completed in SolidWorks. This program
provided a 3D model of the prototype, which was used to piece together and size out the
various components of the washout. The program also allowed modifications to be made
throughout the design process, which was vital in a project such as this. A durable steel
frame was constructed using 10-gauge sheet metal, with inside dimensions of four feet by
ten feet and a height of 6 inches. Three of the sides created 90-degree angles with the
bottom portion, while the fourth side was bent at a 53-degree angle, thus allowing the
user to dump the washout with a forklift and allow the contents to slide out of the
washout. One inch square tubing was welded around the top edge of all four sides, with
one and a half inch steel channel placed over the one inch square tubing in order to hold
the plastic liner in place during usage. Two separate three inch by eight inch rectangular
tubes were welded to the bottom of the structure, and spaced 29 inches apart to allow the
various forklifts to pick up the washout. Two separate three inch by four inch rectangular
tubes were also welded to the bottom to aid in supporting the concrete washout on the
ground. Finally, a hook made with 3/8” steel was welded to the backside of the washout
to allow the washout to be latched to the forklift when the washout is dumped. The
concrete washout bin was designed for a maximum capacity of 20 cubic feet of waste
materials.
The concrete bin was painted and installed at the BRAE department. The large capacity
almost triples the previous amount of storage, thus becoming a more useful tool.
Furthermore, the technique for keeping the plastic liner in place will aid in the concrete
washout successfully doing its job, which is to prevent wastewater from entering the
environment.
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DISCLAIMER STATEMENT
The university makes it clear that the information forwarding herewith is a project
resulting from a class assignment and has been graded and accepted only as a fulfillment
of a course requirement. Acceptance by the university does not imply technical accuracy
or reliability. Any use of the information in the report is made by the user(s) at his or her
own risk, which may include catastrophic failure of the device or infringement of patent
or copyright laws.
Therefore, the recipient and/or user of the information contained in this report agrees to
indemnify, defend and save harmless the state its offices, agents and employees from any
and all claims and losses accruing of resulting to any person, firm, or corporation who
may be injured or damaged as a result of the use of this report.
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INTRODUCTION
Background. Throughout every school year, various departments on campus, including
the BRAE department, execute multiple concrete labs. The labs consist of either students
learning how to mix and pour concrete or students who already know how, but need to
complete various projects. Either way, there will always be clean-up and waste removal
associated with each and every one of the labs. The excess concrete and water must be
disposed of properly due to the environmental concerns of not allowing the waste water
to drain into the drains on campus, which eventually lead into the streams and rivers of
San Luis Obispo. A previous senior project was completed studying these environmental
impacts and the necessity for a concrete washout, and therefore became the foundation
for this senior project.
Justification. Before this senior project, the department utilized a small jerrybuilt
concrete washout that lacked integrity and durability. The previous washout consisted of
four pieces of two by four wood constructed into a rectangle. A plastic liner was crudely
attached to the wood and would constantly droop down and leak water. Although this
structure had been somewhat successful in the past, it was not an adequate washout since
the users tended to have some kind of trouble with it. Therefore, the necessity for a new
concrete washout came about. The final design of the aforementioned senior project was
the starting point for the design and fabrication of this project’s concrete washout bin.
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LITERATURE REVIEW
Overview
Concrete washouts have been used for years to remove excess materials and wastewater
from concrete sites. Various types of concrete washouts exist, but a custom concrete
washout for specific lab use was not in the current market. Therefore, due to the
uniqueness of this senior project, a new design was formulated using various aspects of
common structures. The first is the typical industrial size dumpster. Typically, these
dumpsters are made from 8-gauge sheet metal to 12-gauge sheet metal. This will be the
premises for the forming of this senior project.
Types of Concrete Washout Facilities

Prefabricated Washout Containers.

Figure 1. Prefabricated washout system (Concrete Washout Systems Inc., 2012)
A growing number of companies are offer sturdy, prefabricated concrete washout
containers that are delivered to the site. Some services provide maintenance and disposal
services along with the container, while other companies only provide the container. The
prefabricated containers resist damage and protect well against spills and leaks. It is
essential that these prefabricated containers are watertight. Figure 1 above shows a
generic example of a prefabricated washout container.
Roll-Off Dumpsters. Roll-off dumpsters are used in various service sectors during
construction industries today. They are used for: new construction, remodeling,
commercial and residential cleanups, re-roofing, yard waste removal, or practically any
construction activity that has a large amount of excess material. Tom Kraemer Inc. is a
leader in roll-off dumpsters and provides same day service in local areas with more than
600 containers ranging in sizes from 6 to 30 cubic yards. Many companies such as Tom
Kraemer Inc. offer specialty roll-off dumpster services such as: LEED certification, green
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projects, asbestos abatement, industrial waste, contaminated soils, and long hauls. Figure
2 below shows a roll-off dumpster (Tom Kraemer Inc., 2012).

.
Figure 2. Tom Kraemer Inc. roll-off dumpster (Tom Kraemer Inc., 2012)

Self-Installed Concrete Washouts. Although self-installed structures are much less
reliable than prefabricated containers, they are widely used in concrete construction.
There are many designs for the washout, but they are preferably built below-grade to
prevent breaches and reduce the likelihood of runoff. Above grade structures can also be
used if they are sized and maintained correctly. These washouts should be sized to
handle solids, wash water, and rainfall to prevent overflow. Concrete Washout Systems,
Inc., (2006) estimates that 7 gallons of fresh water are used to wash one truck chute and
50 gallons are used to wash out the hopper of a concrete pump truck. Depending of the
size of the expected load, these washouts are typically made of wooden frames and then
lined with plastic sheeting of at least 10-mil thickness that has no holes or tears to prevent
leaching of liquids into the ground. Figure 3 below shows an out in the field application
of a self-installed washout container.

Figure 3. Self-installed concrete washout (Concrete Washout Systems Inc., 2006)
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The previous concrete washout that the department used can be seen in Figure 4 below.
As previously stated, the structure is comprised of two-by-fours and nails.

Figure 4. Previous concrete washout
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PROCEDURE & METHODS
Design
Initial Design. As previously stated, the initial design was one from the prior senior
project on this topic. The student had discussed with multiple teachers on what was
necessary, and ended the senior project with the design shown in Figure 5. This initial
design did not provide an adequate location for the plastic liner to be attached and was
too intricate for actual fabrication processes, so modifications were performed.

Figure 5. Initial design concept

Modified/Final Design. The first modification was to remove the position of the tool
rack that is located on the left side of Figure 5. The position of the tool rack required that
one side of the concrete washout to be a height of 12 inches instead of six inches, which
was the height of the rest of the concrete washout walls. This extended height would not
allow the plastic liner to snuggly fit inside the concrete washout. The plastic liner would
have to extend up the sidewalls all the way around, and at the far end where the height
was 12 inches, the plastic liner would bunch up and not work sufficiently, thus
diminishing the purpose of having the liner in the first place. Furthermore, each
component of the initial design was initially designed to be cut out of 10-gauge sheet
metal and then welded together. This required too much welding, so in order to ease the
fabrication process and make the plastic liner fit snugger, the extended height section was
removed, as seen in Figure 5.
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Figure 6 Final design concept

The final design can be seen in Figure 6 above. SolidWorks, a 3D Computer Aided
Drafting (CAD) program, was used for the design aspect of the project. The prototype
shown above is a combination of individual parts created in SolidWorks and then
adjoined using the assembly function. SolidWorks allowed the changes and adaptations
to the design to be simple, quick and exact. The 3D model not only helped in getting a
visual concept of the design in place, but also allowed the utilization of seeing various
part clearances that were created. In essence, parts were scaled out to a certain size
before they were actually made, to ensure the part fit in the correct spot.
As seen in Figure 6, the second modification to take place was the addition of one-inch
square tubing placed around the top edge of the perimeter of the concrete washout. This
square tubing provided rigidness to the structure, forcing the sidewalls to “square up” all
around, but also providing structural integrity to the entire unit. This concrete washout
was going to take a lot of beatings, and in order to ensure that the 10-gauge frame was
not going to deform, extra support was necessary.
The third modification that occurred was the removal of the rectangular tubing that is
located on the top edge of the right end of the concrete washout in Figure 7.
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Figure 7. Removal of wood insert component

This was previously designed for a location to supply a wood insert in order to staple
down and secure the plastic liner. Instead, in the final design, the plastic liner was held
down by steel channel overlaying the square tubing which encompassed the perimeter of
the concrete washout. This steel channel held the plastic liner securely against the entire
perimeter of the washout, thus eliminating any chances of the liner slipping and falling
down the sidewalls.
The final modification to the initial design was the resizing of the fork lift pockets and
supports located on the underside of the concrete washout bin, as seen in Figure 8 below.

Figure 8. Forklift pockets and support

After analyzing the various forklifts on campus, it was determined that instead of using
two inch by five inch forklift pockets, they needed to be eight inches wide and three
inches tall. Once this feature was altered, the height of the two supports on each end also
needed to be changed from two inches to three inches, but remained four inches wide,
just as the previous design had designated.
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Fabrication
The BRAE Department shops were used to machine all of the parts fabrication for this
project. The project incorporated the use of the HydraBend machine, the sheer, the bandsaw, multiple grinders, the drill press and various shop tools for the fabrication of each
part and the device as a whole. Metal Inert Gas (MIG) welding was utilized during the
fabrication as well. The welding processes definitions are found in Appendix D.
Main Frame. The main frame of the concrete washout was constructed of 10-guage
sheet metal. The sheet metal was first cut down to a length of 120” and a width of 64.25”
using the sheer, which can be seen in Figure 9 below.

Figure 9. Cutting a 6’ by 12’ piece of 10-gauge down to 10’ by 5’4”
There was an extra 0.25” to account for the material that would be lost during the bending
process. The sheet metal was then bent along the 120”-sides using the HydraBend machine in Lab
6, seen in Figure 10.

Figure 10. Initial bend of the main frame
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A 90 degree angle was created on one side, having a 6” wall height, as seen in Figure 11 below.

Figure 11. 90-degree bend confirmed by the combination square

A 53 degree angle was created on the other side, thus providing a slanted sidewall to aid
in the dumping of the waste products, as seen in Figure 12 below.

Figure 12. 53-degree angle measure with protractor
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The final product of the main frame can be seen in Figure 13 below. As one can see, the
amount of bent material in the figure has greatly reduced the amount of welding required
to fabricate the piece of the assembly that will hold everything together.

Figure 13. Both long sides bent into correct formation

End Pieces. The end pieces of sheet metal were then cut to fit the main frame’s shape,
and welded onto each side, shown in Figure 14 below.

Figure 14. Fitting the end piece onto the main frame

This created an enclosed rectangle with walls that were 6” in height all around. The side
pieces were then tacked into place, as seen in Figure 14 above. Welds were completed
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around the entire perimeter of each side wall. The finish product of the welded side is
shown in Figure 15 below.

Figure 15. Welds placed on the seam of the two 10-gauge pieces of steel

The overall inside dimensions of the concrete washout was 120” x 48” x 6”, and the
initial main frame is now completely finished, shown in Figure 16 below.

Figure 16. Main frame fabrication complete

Forklift Pockets and Supports. Once the main frame of the concrete washout was
completed, the supports and forklift pockets were welded to the bottom of the structure.
The forklift pockets were 3” x 8” rectangular tubing and the supports were 3” x 4”
rectangular tubing. Each forklift pocket and support was cut to a length of four feet. The
welding pattern had to be laid out before the welding started. Spacing the stitch welds
equal distances apart not only ensured strong durable welds, but furthermore looked
professional when the end product was completed. This method can be seen in Figure 17.
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Figure 17. Marking the locations for stitch welds along supports

The supports were then set parallel with each of the short sides, and then tacked into
place by placing small tack welds at the beginning point of every stitch weld, on the
inside wall and outside wall. This can be seen in Figure 18 below.

Figure 18. Tacking of the support beams

The next step was to apply stitch welds at every indicated location, while making sure the
welds were performed on opposing sides one after the other, alternating around the
structure to prevent any warping of the material. The finished product of one of the
support beams in shown in Figure 19.
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Figure 19. Support beam welded on outside edge

Once each of the support beams were welded into place, the forklift pockets were then
centered with a 29” gap in between them and welded into place using the same
techniques as the welding process for the support beams. The 29” gap allows the smallest
fork lift that the farm shop has to be able to pick up the concrete washout, as well as any
other fork lift that will be used. The status of the concrete washout after the support and
forklift beams were finished can be seen in Figure 20 below.

Figure 20. Underneath components completed

Square Tubing. To provide sturdiness to the top of the walls, 1” square tubing was
welded all of the way around the top-outside edge of the washout. Two of the square
tubing pieces were cut to a length of 120.5”. Another two pieces were cut to a length of
56.4”. Each piece was cut with a 45-degree angle on each side, therefore making the
inside dimension of the 45-degree angle cut be measured to the designated lengths that
were previously stated. This created a smooth looking frame for the concrete washout.
The 45-degree angle cuts can be seen in Figure 21.
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Figure 21. Angle cuts for each corner

The square tubing also provided a location for the plastic liner to be mounted. To achieve
this, the square tubing was positioned ½” above the top edge of the sidewalls. This
provided enough room for the structural steel channel to fit over the existing square
tubing and not run into the sidewalls. The plastic liner was draped over the sidewalls, and
then the aforementioned pieces of 1.5” x 3/4” x 1/8” structural steel channel was placed
over the square tubing and plastic liner, thus holding the plastic liner in place. The two
lengths of steel channel were two 119.25” pieces and two 54” pieces. Both the square
tubing and the steel channel have a ¼” hole drilled through them all, located 2” from each
end of the steel channel. The finished view of the concrete washout, although without the
liner, portrays the final product of this senior project. This can be seen in the following
figures, each a different view of the concrete washout bin.

Figure 22. Rear view of where forklift would pick up washout
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Figure 23. Isometric view of washout

Figure 24. Top view of washout

Paint. Once the concrete washout was finished being fabricated, the finishing step was to
paint the entire structure. The steel was sanded using a flex pad. A handheld rotary
grinder was used for this process. Before the primer, lacquer thinner was applied to
ensure the removal of any oil and dirt from the steel. The lacquer thinner also allowed a
clean surface for the primer to stick on. Once the lacquer thinner dried, primer was
applied to every surface of the concrete washout. Three coats of primer were applied,
waiting approximately 20-30 minutes in between each coat. After the primer was
complete and had sat overnight, the finished color was sprayed on. Cal Poly colors were
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decided on; therefore the entire frame assembly was painted hunter green. Three coats of
green was sprayed onto the project.
Testing
Once the concrete washout bin was completed, the only testing that was available at the
time was to simply pick up the washout with various forklifts and maneuver it around,
including the dumping of sample materials.
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RESULTS
The results of the project came out as planned. A finished concrete washout bin was
produced, thus providing an adequate concrete washout bin for the BRAE department.
The overall capacity of the concrete washout bin was 20 cubic feet of storage. The overall
inside dimensions were 120” long by 48” wide, with the angled portion of the washout
extending out horizontally an additional 8”. With the beams underneath, the top edge of
the concrete washout sits 9’ above the ground.
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DISCUSSION
Design
This project emphasized all the design concepts learned in various engineering classes.
Calculations had to be made and practical fabrication methods taken into account.
Additionally, the use of design software was utilized and deemed necessary for the
completion of this project. Without the aid of SolidWorks and AutoCAD, the quality and
precision of the finished product may have been questionable.
Resources
The students of the BRAE Department are privileged to have an immense amount of
quality resources available. The shops are filled with machines, devices and tools that
will allow students to design and build a vast array of projects. This project encompassed
not only technical communication (SolidWorks), but then transformed that design into an
actual product. This could not have happened without the expertise and determination of
Dr. Zohns and Virgil Threlkel. Not only did they dedicate their knowledge for this
project, but additionally they dedicated their time and effort to the completion of this
concrete washout bin.
Product
The end result was a successful use of the BRAE department’s funds, resources and time.
The concrete washout bin was a low profile washout that can be easily used when
cleaning up after future concrete labs. The large capacity almost triples the previous
amount of storage, thus becoming a more useful tool. Furthermore, the technique for
keeping the plastic liner in place will aid in the concrete washout successfully doing its
job, which is to prevent wastewater to leak into the drains of the school.
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RECOMMENDATIONS
The concrete washout project encompassed many aspects of design and fabrication.
Additional add-ons can be included with the completed concrete washout. A tool rack can
be placed on one side of the structure, elevated above the top edge of the washout by 6”.
This would provide the user a location to rinse off various tools and allow them to drip
dry into the concrete washout. Use of this add-on is highly recommended.
Furthermore, there is a hook attachment that aides in the dumping of the excess materials
once the water has evaporated. The hook should have a chain that then ho0ks onto the
forklift, thus holding onto the washout bin to prevent the washout to slide off the forklifts
once they are tilted downward in order to empty the washout.
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Advertise with MatWeb!
Data sheets for over 88,000 metals, plastics, ceramics, and composites.
HOME • SEARCH • TOOLS • SUPPLIERS • FOLDERS • ABOUT
US • FAQ • LOG IN
Searches: Advanced | Category | Property | Metals | Trade
A-36
Name | Manufacturer | Recently Viewed Materials
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ASTM A570 Steel, grade 36
Categories: Metal; Ferrous Metal; ASTM Steel; Carbon Steel; Low Carbon Steel
Maximum thickness of 5.8 mm. Hot rolled carbon steel sheet and strip of structural quality
Material
in cut lengths and coils. Copper content of 0.20% is a minimum when copper steel is
Notes:
specified. Tensile tests are taken in the longitudinal direction.
Similar entries in MatWeb include: ASTM A570 grade 30, grade 33, grade 40, grade 45,
grade 50
Key Words: UNS K02500
No vendors are listed for this material. Please click here if you are a supplier and would like
Vendors:
information on how to add your listing to this material.
Printer friendly version
Excel and Windows)

Download as PDF

Download to Excel (requires

0/0

Export data to your CAD/FEA program

Add to Folder:

Physical Properties
Density
Mechanical Properties
Tensile Strength, Ultimate
Tensile Strength, Yield
Elongation at Break

Metric
7.85 g/cc

English
0.284lb/in³

Comments
Typical of ASTM Steel

Metric
365MPa
250MPa
17.0 - 22.0 %
15.0 - 17.0 %

English
52900 psi
36300 psi
17.0 - 22.0 %
15.0 - 17.0 %

Comments

in 200 mm

@Thickness 50.0 mm @Thickness 1.97 in

Bulk Modulus
Shear Modulus
Component Elements
Properties
Carbon, C
Copper, Cu
Iron, Fe
Manganese, Mn
Phosphorous, P
Sulfur, S

140GPa
80.0GPa

20300ksi
11600ksi

Typical for steel
Typical for steel

Metric

English

Comments

<= 0.25 %
0.20 %
99.0 %
<= 0.90 %
<= 0.040 %
<= 0.050 %

<= 0.25 %
0.20 %
99.0 %
<= 0.90 %
<= 0.040 %
<= 0.050 %

References for this datasheet.

Users viewing this material also viewed the following:
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ASTM A570 Steel, grade 33
ASTM A570 Steel, grade 50
ASTM A36 Steel, plate
AISI 1008 Steel, hot rolled bar, 19-32 mm (0.75-1.25 in) round
ASTM A570 Steel, grade 40

AISI 1035 Steel, water quenched from 845°C (1550°F), 540°C (1000°F) temper
Categories: Metal; Ferrous Metal; Carbon Steel; AISI 1000 Series Steel; Medium Carbon Steel
Applications include levers, bolts, studs, nuts, and similar parts which are headed, upset, or
Material
extruded. Applications for wires include nails requiring high shank rigidity or strength and
Notes:
quench-hardened nails.
Key Words: water hardened steels, ASTM A544, ASTM A545, ASTM A546, ASTM A576, ASTM
A682, FED QQ-S-635 (C1035), B.S. 080 A 37, B.S. 080 M 36, FED QQ-S-700 (C1035),
SAE J403, SAE J412, SAE J414, DIN 1.0501, AFNOR CC 35 (France), UNS G10350, AMS
5080, AMS 5082, ASTM A29, ASTM A108, ASTM A510, ASTM A519
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Printer friendly version
Excel and Windows)

Download as PDF

Download to Excel (requires

0/0

Export data to your CAD/FEA program

Physical
Properties
Density

Add to Folder:

Metric

English

Comments

7.87 g/cc

0.284lb/in³

Typical for steels.

Mechanical
Properties
Hardness, Brinell
Hardness, Knoop
Hardness, Rockwell
B
Hardness, Rockwell
C

Metric

English

Comments

207
229
93

207
229
93

Converted from Brinell hardness.
Converted from Brinell hardness.

15.0

15.0

Hardness, Vickers
Tensile Strength,
Ultimate
Tensile Strength,
Yield
Elongation at
Break
Reduction of Area
Modulus of
Elasticity
Bulk Modulus
Poissons Ratio
Shear Modulus

217
710MPa

Electrical
Properties

Converted from Brinell hardness.
Value under normal HRC range, for
comparison purposes only.
217
Converted from Brinell hardness.
103000 psi

615MPa

89200 psi

16.0 %

16.0 %

in 50 mm

40.0 %
200GPa

40.0 %
29000ksi

Typical for steel

140GPa
0.290
80.0GPa

20300ksi
0.290
11600ksi

Typical for steels.
Typical For Steel
Typical for steels.

Metric

English

Comments
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Electrical
Resistivity

Thermal
Properties
CTE, linear

0.0000163 ohm-cm

0.0000163 ohm-cm

annealed specimen; 0°C (32°F)

0.0000217 ohm-cm

0.0000217 ohm-cm

annealed specimen

@Temperature 100 °C

@Temperature 212 °F

Metric

English

11.0 µm/m-°C

6.11 µin/in-°F

Comments

@Temperature 20.0 - 100 °C @Temperature 68.0 - 212 °F

11.9 µm/m-°C

6.61 µin/in-°F

@Temperature 20.0 - 200 °C @Temperature 68.0 - 392 °F

13.9 µm/m-°C

7.72 µin/in-°F

@Temperature 20.0 - 500 °C @Temperature 68.0 - 932 °F

14.4 µm/m-°C

8.00 µin/in-°F

@Temperature 20.0 - 600 °C @Temperature 68.0 - 1110 °F

14.8 µm/m-°C

8.22 µin/in-°F

@Temperature 20.0 - 700 °C @Temperature 68.0 - 1290 °F

Specific Heat
Capacity
Thermal
Conductivity

Component
Elements
Properties
Carbon, C
Iron, Fe
Manganese, Mn
Phosphorous, P
Sulfur, S

0.486 J/g-°C

0.116 BTU/lb-°F

annealed; 50-100°C (122-212°F)

43.6 W/m-K

303 BTU-in/hr-ft²-°F

Both values estimated; 100°C

50.7 W/m-K

352 BTU-in/hr-ft²-°F

Both values estimated; 0°C

Metric

English

Comments

0.310 - 0.380 %
98.63 - 99.09 %
0.60 - 0.90 %
<= 0.040 %
<= 0.050 %

0.310 - 0.380 %
98.63 - 99.09 %
0.60 - 0.90 %
<= 0.040 %
<= 0.050 %

As remainder

http://www.matweb.com/search/DataSheet.aspx?MatGUID=de43b4a08633436da42bb95
9e4cfb15d

Advertise with MatWeb!
Data sheets for over 88,000 metals, plastics, ceramics, and composites.
HOME • SEARCH • TOOLS • SUPPLIERS • FOLDERS • ABOUT
US • FAQ • LOG IN
Searches: Advanced | Category | Property | Metals | Trade
plate steel dimens
Name | Manufacturer | Recently Viewed Materials

Hafnium, Hf; Plate
Categories:
Material
Notes:
Vendors:

Metal; Nonferrous Metal; Pure Element
Plate applies only to tensile and/or hardness values; other property values are typical of the
element. Three entries for pure Hf are in MatWeb.
No vendors are listed for this material. Please click here if you are a supplier and would like
information on how to add your listing to this material.

Printer friendly version
Excel and Windows)

Download as PDF

Download to Excel (requires

0/0
Add to Folder:
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Export data to your CAD/FEA program

Physical Properties
Density

Metric
13.31 g/cc

English
0.4809lb/in³

Comments

Metric

English

Comments

72
0.18981 Å

72
0.18981 Å

K

1.09864 Å
1.15311 Å
1.2957 Å
1.30
0.780 Å

1.09864 Å
1.15311 Å
1.2957 Å
1.30
0.780 Å

LI
LII
LIII
Pauling
Crystal Ionic Radius for Valence +4

Metric

English

Comments

450MPa

65300 psi

Longitudinal

470MPa
195MPa

68200 psi
28300 psi

Transverse
Longitudinal

310MPa
25.0 %

45000 psi
25.0 %

Transverse
Longitudinal or Transverse

Electrical
Metric
English
Properties
Electrical Resistivity 0.0000355 ohm-cm 0.0000355 ohm-cm
Magnetic
4.20e-7
4.20e-7
Susceptibility
Critical Magnetic
12.7
12.7
Field Strength,
Oersted
Critical
0.128 K
0.128 K
Superconducting
Temperature

Comments

Thermal Properties
CTE, linear

Comments

Chemical
Properties
Atomic Number
X-ray Absorption
Edge

Electronegativity
Ionic Radius
Mechanical
Properties
Tensile Strength,
Ultimate
Tensile Strength,
Yield
Elongation at Break

Specific Heat
Capacity
Thermal
Conductivity
Melting Point
Component
Elements
Properties
Hafnium, Hf

Metric
5.90 µm/m-°C

English
3.28 µin/in-°F

@Temperature 20.0 °C

@Temperature 68.0 °F

0.144 J/g-°C

0.0344 BTU/lb-°F

cgs/g

22.0 W/m-K 153 BTU-in/hr-ft²-°F
2207 - 2247 °C

4005 - 4077 °F

Metric

English

100 %

100 %

Comments
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APPENDIX C
Tools
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Digital Calipers

Mill

40

Drill Press

MIG Welder

41

Band Saw

42
APPENDIX D
Welding
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Welding
Welded steel is much more secure than wood fastened together. Welding steel can be
faster than bolting or screwing steel together and can be applied in areas where bolts and
screws are impractical. Using a shop equipped with a welder to prefabricate a steel
structure insures the accuracy of the structures design and layout.
Welding generates heat which can ultimately deform the steel being welded together. To
insure that parts properly fit together a mock-up of the assembly can be tack welded
together before the final welds are made allowing for adjustments. This is a great benefit
of welding versus fasteners. If a unit is fastened together and does not align properly the
material used to build the unit has been weakened and permanently punctured, welding
eliminates this problem entirely (Miller Welding,2012).
Welding Styles
There are three common welding styles. Shielded Metal Arc Welding (SMAW)
commonly referred to as stick welding was the most common style until the advent of
Metal Inert Welding. Tungsten Arc Gas (TIG) welding is the newest style of the three
and is popular for welding stainless steel and aluminum. Each of these three welding
processes has varying strengths. The welds from an arc welder can vary with the type of
rod used along with the material being welded. There is also a current regulator on the
front of an arc welder allowing the “heat” to be adjusted. This feature is available on all
three types of the welding machines in some variation. Having these options available to
fabricate a steel structure is beneficial and requires fewer processes (Miller Welding,
2012).
Arc welding uses an electric current fed through a lead, heavy gauge wire, to a flux rod
that creates an electric arc when it strikes metal. The electric arc heats the metal and the
flux from the rod bonds the two pieces together. There are many different types of rod
that have different applications and heat levels that are needed to be applied for a proper
weldment. Rods must be stored in a dry area to prevent absorption of moisture. If rods
get wet the flux will absorb the moisture and crack or pop during welding making it
difficult to maintain a bead, the shape of the weld, or the arc between the metal that is
being welded (Miller Welding, 2012).
MIG welding uses a consumable wire electrode and metal inert gas fed through the tip of
a welding gun. The machine has two types of power supply, direct current or DC and
alternating current or AC supplying a steady power source. When MIG welding was first
introduced it was expensive due to the cost of the gas used. A few decades later
technology evolved providing cheaper fuel supplies such as carbon dioxide. MIG
welding can be conducted at a faster pace than arc welding and involves fewer processes
overall making it the preferred method of welding for industrial applications (Miller
Welding, 2012).
TIG welding is similar to MIG welding in that it utilizes gas to generate an arc between
the metal and the wire electrodes. TIG welding uses tungsten inert gas and the arc is
generated through the use of plasma. With the use of tungsten and plasma a large amount
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of heat is generated heating metal rapidly. This process is preferred when welding
stainless steel or aluminum due to the gases involved and the finished look of the weld.
The TIG welder also uses a gun like the MIG welding process, but the wire electrode is
fed in by hand. This causes the process to take longer and is more difficult to perfect
(Miller Welding, 2012).
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46
How Project Meets Requirements for the BRAE Major
Major Design Experience - The project must incorporate a major design experience. Design is the
process of devising a system, component, or process to meet specific needs. The design process
typically includes the following fundamental elements. Explain how this project will address these issues.
(Insert N/A for any item not applicable to this project.)
Establishment of
objectives and criteria

Project objectives and criteria are established by the BioResource and
Agricultural Engineering department. Dr. Kelly, Dr. Holtz, Dr. Styles, Dr.
Swan and Mr. Lampman all provided feedback on the previous concrete
washouts that the department had, as well as multiple components to keep
in mind for the new concrete washout.

Synthesis and analysis

The project will incorporate strength calculations, analysis of how concrete
will build-up on metal surfaces, and the consideration of alternate
prototypes that could be used for specific situations.

Construction, testing and
evaluation

The concrete washout will be designed, constructed, tested and evaluated.

Incorporation of applicable
engineering standards

The project will utilize AISC standards for strength calculations, and various
Ecology BMP Section C standards regarding concrete waste regulations.

Capstone Design Experience - The engineering design project must be based on the knowledge and
skills acquired in earlier coursework (Major, Support and/or GE courses).
Incorporates
knowledge/skills from
earlier coursework

129 Lab Skills/Safety, 133 Engineering Graphics, 151 AutoCAD, 433
Agricultural Structures Design, 421/422 Equipment of Engineering, Strength
of Materials, Engineering Statics, Technical Writing

